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摘要 
I 
摘要 
过去，机械流量计和电磁流量计占据了国内流量计市场的绝大多数份额。
但是，二者都存在着致命的缺陷，比如寿命短、流体质量要求高等，这些缺陷
阻碍了流量计性能的进一步提升。近些年，超声波流量计在流量测量仪器领域
所发挥的作用越发重要。相比于其它流量计，超声波流量计维护方便、寿命长
等特点使其更能满足市场需求。最重要的是，它更容易获得高精度的测量结果。 
随着超声波流量计在工业和商业领域得到越来越广泛的应用，也就越来越
迫切地需要提高其测量性能。为了改进超声波流量计的测量稳定性，本文设计
了一种圆管和方管相结合的新型流量管。其中，流量管的进口管段和出口管段
都设计成圆管，而中间的测量管段设计为带圆弧的方管。这种结构的最大优点
就是利用方管的内壁代替了反射台来实现超声波的反射，从而使得管内的流体
可以通畅地流动，也将回流的可能性降到了最低。该结构的另一大优点就是可
以最大限度地减少管内的残留杂质，还能够大大减少管内流场的紊乱现象。本
文通过 CFD 流体仿真实验，验证了该新型流量管相比于传统的流量管，更有助
于在测量过程中获得平稳的流速分布。 
此外，本文还设计了一种基于单片机 MC9S08LL64 和时间-数字转换器
TDC-GP22 的新型测量电路，使之与新型流量管配套成为完整的超声波流量计。
其中，单片机 MC9S08LL64 作为测量电路的控制和运算核心，而时间-数字转
换器 TDC-GP22 则用来收发超声波信号和测量原始数据。该测量电路以时差法
测量原理为基础，不仅能够在校准后得到精确的瞬时流量数据，还可以降低测
量功耗。最后，本文通过实验分别验证了测量电路和新型流量管都能够提高对
瞬时流量的测量精度。 
关键词：超声波流量计；时差法；流量管；测量电路；实验 厦
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Abstract 
II 
Abstract 
        In the past, the mechanical flow meter and the electromagnetic flow meter 
occupied the majority domestic market. However, both of them had significant 
drawbacks, such as short life-span, requirement of high-quality liquid and so on, 
which thus enabled them hard to further improve the level of ultrasonic flow 
measurement. In recent years, the ultrasonic flow meter has played a more and more 
important role in the field of flow-measuring instruments. Compared with other flow 
meters, its characters can meet the market’s demand such as maintain convenience, 
long life-span etc. Most importantly, it is easier to achieve high-precision measuring 
results. 
        With the extensive utilization of ultrasonic flow meters in industry and 
commerce, the demand of improving the accuracy of measurement has become 
increasingly urgent. To improve the stability of measurement, this article presents a 
new measuring tubing in combination with circular tube and square tube, which the 
inlet and outlet are both designed into circular tubes and the section of the middle tube 
is designed into square with circular arcs. The greatest advantage of this new tubing is 
that the inwall of square tube can be used for ultrasonic reflection instead of 
additional reflector. As nothing can block the flow of fluid in this tubing, the 
possibility of the backflow can be decreased to minimum. Another advantage is that 
the residual quantity of impurities in this tubing can be minimized. Besides, the 
phenomenon of turbulence can also be reduced as greatly benefited by the structure 
without reflector. According to the results of Computational Fluid Dynamics (CFD) 
simulation and experiment, this proposed measuring tubing can get a more even 
velocity distribution of liquid than the traditional circular tubing. 
        Accompanied by the measuring tubing, a novel high-precision ultrasonic flow 
measuring circuit based on the Microcontroller Unit (MCU) of MC9S08LL64 and the 
Time-Digital Converter (TDC) of GP22 is designed, so that an integral ultrasonic 
flow meter is proposed. MC9S08LL64 is the control and computation core of the 
measuring circuit, while TDC-GP22 is used for ultrasonic transmission and measuring 
raw data. This measuring circuit, which depends on the principle of time difference 
method, can not only obtain accurate measuring data of instantaneous flow after 
calibration, but also reduce the power consumption. At last, this article validates that 
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measuring circuit and measuring tubing, which proposed by this article, can both 
improve the accuracy of flow measurement through experiment. 
Keywords: Ultrasonic Flow Meter; Time Difference Method; Measuring Tubing; 
Measuring Circuit; Experiment 
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